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(54) Method and apparatus for producing a surface map 



(57) A method and apparatus (10) are provided for 
producing a temperature profile of a part (16) operating 
within a machine is provided. The machine is operated 
with the part ( 1 6) for a predetermined period of time. The 
part (16) is placed in a light box (28) in which a camera 



(12) produces an image of the part (16). The image is 
compared with a standard set of colours and the stand- 
ard colour most closely corresponding to the image for 
each pixel is selected. 
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Description 

This invention relates generally to a method and 
apparatus for providing a temperature map of a part 
operating within a machine, and more particularly to a s 
method and apparatus for recognizing temperature 
induced colour changes of a part operating within a 
machine. 

F=br the last 20-30 years, temperature sensitive 
paints have proved useful in the development of high w 
temperature turbine and combustion hardware. Thermal 
paints permanently change colour when the test compo- 
nent on which they have been applied exceeds a prede- 
termined temperature governed by the chemical 
composition of the paints themselves. By observation 75 
and analysis of the paint colouration pattem after a test 
run has been completed, it is possible to obtain a com- 
prehensive map of the isotherms along the painted test 
pieces. Such paint is available for exanriple from Ther- 
mindex Chemicals & Coatings LTD. 20 

The painted components are assembled in a 
rig/engine prior to any testing and handled using clean 
nylon hand gloves to prevent contamination of the 
painted surfaces. 

If the test part is part of a gas turbine engine, there 2S 
should be no compressor wash or wet motor before the 
test run so that the painted surfaces remain uncontami- 
nated. Whenever possible, engine light-up should be 
made using natural gas fuel. The fuel flow should be kept 
to a minimum during ignition to avoid turbine torching. 30 
and light-up should preferably occur on the first start. 
When a test run encompasses turbine nozzle and blade 
paint tests, the running time at full-load conditions should 
be achieved as quickly as possible and time spent at full 
load shoukJ not exceed 5 minutes to avoid paint removal 35 
by the scrubbing action of the exhaust gases. When paint 
testing heavy structures such as disks, diaphragms or 
casings, the running time should be 5 hours. 

Combustor liners can undergo much longer expo- 
sure times without adverse effects, colour change cali- 40 
brations for thermal paint are available up to some 50 
hours exposure time although 30 minutes is the test 
norm. Estimates of temperature contours after a series 
of short "runs" even at nominally the same conditions can 
be misleading. 45 

At the conclusion of a test run. the engine fuel should 
be cut-off at the maximum load conditions in order to 
reduce any effect of transient temperature exposure. The 
engine should then be motored at cranking speed for 15 
minutes to cool the hot section parts. This procedure so 
ensures that the heat lost by cooling at all locations is 
greater than the heat gained by transfer from the hotter 
to the cooler parts of any test section. If this precaution 
is disregarded, it may lead to a certain amount of heat- 
soaking and parts attaining a higher temperature during 55 
the cooling phase than they had reached during the test 
itself. 

Thermal indicating paints change colour in response 
to both time and temperature. In effect, this means when 



thermal paints are subjected at temperature to a time 
duration, the longer the time, the lower the tenperature 
required to change the paint to the next colour. 

The painted objects should be brought to the'r oper- 
ating temperatures as quickly as possible and conditions 
maintained constant for a period of time. The test time 
period is very important as it can be seen from the cali- 
bration charts above that the colour change points vary 
with heating time. 

Caltorated test strips should be taken from time to 
time to confirm the continuing calibration of the batch of 
paint acquired. Where possible, the test strips should be 
the same material and thickness as the engine compo- 
nent. Exposure time must be the same and allowances 
in paint calibrations should be made for differences in 
f k>w vitiation and the time taken for the test strip or tally 
to reach the working temperature in the laboratory. 

Ftg. 1 illustrates a fan blade from a gas turbine 
engine that has been painted with tenperature sensitive 
paint and run in the gas turbine engine for a predeter- 
mined length of time. The illustrated areas indicate the 
different operating temperatures of the various areas of 
the fan blade in operation. As will be understood by those 
skilled in the art. accurate interpretation of the thermal 
paint pattern is an obvious prerequisite to the success of 
the manual measuring technique. Manual interpretation 
is subjective and requires an experienced operator who 
physically marks with a pendl the various colour zones 
of a paint tested component with colour boundary Rnes 
and then assigns quantitative values to each isothermal 
area. A single colour in a series can span a temperature 
range of over 1 50*F. so it may be necessary to interpolate 
tenperatures within a single colour change. 

The present invention is directed to overcoming one 
or more of the problems set forth above. 

As described above, the manual interpretation of 
paint or material colour change patterns is inherently 
subjective. The present invention provides an automatic 
interpretation system that has considerably more objec- 
tivity, is more productive, and provides improved colour 
resolution. The automatic system identifies and pro- 
duces a temperature map of a thermal painted surface 
or of the surface material of the part itself. The obtained 
temperature distribution data is also available to be 
linked to a structural analysis of the part. 

In one aspect of the invention, a method is provided 
for producing a temperature map of a part having been 
painted with temperature sensitive paint. The method 
includes the steps of operating the machine with the part 
for a predetermined period of time; placing the part in a 
ligfit controlled environment; producing an image of the 
part with a camera: delivering the image to a processor; 
comparing the image with a standard set of colours for 
the temperature sensitive paint; and selecting the stand- 
ard colour most closely corresponding to the image for 
each pixel. 

In another aspect of the invention, a method for pro- 
ducing a temperature map of a part operating within a 
machine is provided. The method includes the steps of 
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operating the machine with the part for a predetermined 
period of time; placing the part in a light controlled envi- 
ronment; producing an image of the part with a camera; 
delivering the image to a processor; comparing the 
image with a standard set of colours for the material of 5 
which the part is made; and selecting the standard colour 
most closely corresponding to the image for each pixel. 

In another aspect of the invention, an apparatus for 
producing a temperature map of a part operating within 
a machine is provided. The apparatus includes a camera 10 
for producing an image of the part; a light box containing 
the part and the camera; and a processor for receiving 
the image from the camera. The processor includes a 
memory storing a standard set of colours and compares 
the image with the standard set of colours to select the is 
standard colour most closely corresponding to the image 
for each pixel. 

The invention also includes other features and 
advantages which will become apparent from a more 
detailed study of the drawings and specifications. 20 

For a better understanding of the present invention, 
reference may be made to the accompanying drawings, 
in which: 

Fig. 1 illustrates a temperature map of a gas turbine 2S 
fan blade: 

Fig. 2 is a conceptual diagram of the invention; 
Fig. 3 is a block diagram of an embodiment of the 
invention; 

Fig. 4 is a diagrammatic illustration of a light box; 30 
Fig. 5 illustrates a flow chart of an algorithm used in 
connection with one embodiment of the invention; 
Figs. 6a and 6b illustrate a flow chart of an algorithm 
used in connection with one embodiment of the 
invention; 35 
Fig. 7 illustrates a flow chart of an algorithm used in 
connection with one embodiment of the invention: 
Fig. 8 illustrates a flow chart of an algorithm used in 
connection with one embodiment of the invention; 
and 40 
Fig. 9 illustrates a flow chart of an algorithm used in 
connection with one embodiment of the invention. 

Fig. 2 provides a conceptual view of an automated 
colour recognition system 10. Conceptually, a video 4S 
camera 12 first produces an image of each colour in a 
standard set of colours. Each temperature sensitive paint 
has a different set of standard colours. Thus each time 
a new type of paint is to be used, the system must be 
taught the characteristics of each colour in the standard so 
set. 

This is accomplished by placing a colour template 
1 4 in the field of view of the video camera 12. The colour 
template 14 consists of painted pieces that have been 
baked at predefined temperatures for predefined periods ss 
of time to illustrate each of the colours in the standard 
set. Advantageously, the painted pieces are made of the 
same material forming the surface of the part 16 of inter- 
est. Using an exemplary paint, the colour template would 



Include each of tiie colours in the standard set for that 
particular paint type: red to dusty grey, yeltow, orange, 
green, brown, and greenish grey. 

It should be understood that other paint types will 
have different sets of standard colours. Similarly, most 
materials will themselves change colours even witfiout 
being painted. In one embodiment of the invention, 
therefore, the set of standard colours are comprised of 
the colours of the material itself at different temperatures 
caused by tiiermal oxidation. Nonetheless, the invention 
will generally be descrtoed herein in connection with the 
use of temperature sensitive paint 

Once the images of the standard set of colours for 
the paint or material are obtained and stored, the part 
16. which has been painted and run in the machine for 
a predetermined length of time, is placed in the field of 
view of the video camera 12. The video camera 12 pro- 
duces an image of the part 16. 

The video images of the colour template 14 and the 
part 16 are digitized and processed to obtain character- 
izing features of each of the images. These characteriz- 
ing features are compared and processed to produce a 
temperature profile or map of the part 16. 

The temperature profile or map is advantageously 
displayed on a colour or black and white monitor arKi may 
also be printed. The temperature profile may also be 
advantageously transferred to a stixictural analysis pro- 
gram in order to facilitate design changes necessitated 
by the characteristics of the tenrperature profile. It should 
be understood by those skilled in the art tiiat the illustra- 
tion in Fig. 2 is conceptual only and thus ctoes not repre- 
sent a true illustration of an actual preferred 
embodiment 

Tuming now to Rg. 3, a block diagram of a prefenred 
embodiment of the invention is shown. An IBM AT com- 
patible (AST Bravo 486/25) computer 18 is included for 
analysis of the video images and control of the system. 
The computer 18 includes an imaging board for video 
digitization and display and Is connected to a computer 
monitor 24. The video camera 12. for example a Sony 
XC-77 Monochrome, is connected to the computer 18. 
The video camera 12 Is also connected to a video nx>n- 
itor 20 to aid in focusing and alignment of the parts and 
colour templates in tiie field of view of the video camera 
12. A colour printer 22 is advantageously connected to 
the computer 1 8 to allow the temperature profiles of parts 
to be printed. A video recorder 26 is also connected to 
the computer 1 8 to allow the video images to be recorded 
for later use. 

Tuming now to Fig. 4. a light box 28 is shown. The 
yght box 28 is preferably light tight and provides easy 
access to the video camera 12 and part 16. The inskle 
of the light box 28 is prefe-ably fiat white. Advanta- 
geously, a light source (not shown) is provided and 
includes four, twenty-four inch, high output florescent 
lamps, daylight F40D. The power supply for tiie light 
source is high frequency and stabilized by photo feed- 
back. Each of the lights are backed by reflectors and cov- 
ered by diffusers. The light box 28 advantageously also 
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includes inlet and outlet vents and a one-hundred CFM 
fan to dissipate heat from the lights. A fixture 34 is 
included to hold the part 1 6 in a fixed and stable position. 
The light box should be warmed-up for at least five min- 
utes before starting video acquisition. 

In one embodiment, a colour wheel 30 includes four 
filters that are movable such that each can be placed 
between the lens of the video camera 12 and the part 
16. The four filters are preferably Red #25. Green #85, 
Blue #47. and neutral. In one embodiment, the colour 
wheel 30 Is connected to the carriage of a dot-matrix 
computer printer 32 that receives commands from the 
computer 18 to move the carriage to positions at which 
the desired filter is located between the video camera 
lens and the part 16. Alternatively; a servo control of a 
type well-known in the art may be used in place of the 
computer printer 32 to move the colour wheel to the 
desired position. 

While the invention is described in connection with 
a black and white video camera 12 and a colour wheel 
30 having red. green, and blue filters, it should be appre- 
ciated that a colour video camera may also be used with- 
out deviating from the invention. The use of a colour 
camera would obviate the need for colour filters. 

The video camera 12 produces a video signal that 
is the same as the one used by a standard television. 
The image is produced by a rapid variation of voltage, 
where the higher voltage represents white and lower rep- 
resents black. This signal also has periodic pulses that 
tell the monitor when to start the next line and the next 
picture. The picture starts with the first line on the top. 
and each line is scanned from left to right. This creates 
an image by a close raster of lines. 

The imaging hardware takes the video signal from 
the video camera 1 2. adjusts the brightness and contrast 
of this signal and then converts it into a form that the com- 
puterlScan read. 

The brightness and contrast of the video signal can 
be controlled by adjusting the voltage saturation limits. 
These adjustments can be made by the computer and 
are called video low and video high. They are used to 
compensate for variations In image brightness and con- 
trast. The video preamp low and high values affect the 
video signal before digitization. The range is 0 to 63. The 
two values specify the minimum and maximum levels to 
digitize the vkJeo signal. The standard setting is low=0 
and highs48 to digitize the full range of a standard signal. 

Next, the video signal is "digitized". This is the proc- 
ess that converts the signal from voltage fluctuation into 
a computer readable form. The digitizing process 
assigns the signal to a numeric value from 0 to 255. This 
value is called a "gray level", because it represents a 
brightness at a point on the image. The 0 value repre- 
sents black. 255 represents white, other values are the 
intermediate levels of gray 

Each point on the image is represented by a number 
with a value from 0 to 255. These points (actually small 
squares) are called "pixels". The pixels are organized in 
conrputer memory as a matrix so they can be accessed 



in a way that represents an image. The pixels can be 
processed by the computer to enhance or analyze the 
image. To keep the references to the image consistent a 
convention is used: horizontal strips of pixels are called 
5 lines, horizontal pixel Increments are called elements or 
just pixels, the top line is numbered 0. the left element is 
numbered 0. the bottom line is numbered 479 and the 
right element is numbered 639. This imaging system cre- 
ates a digital image of 480 lines by 640 pixels, at total of 
10 307,200 pixels. 

Turning now to Rg. 5. the steps of an algorithm for 
characterizing the standard set of colours for a particular 
type of temperature sensitive paint is Illustrated. It should 
be understood that this particular algorithm is used only 
15 when a new paint type is being characterized. This algo- 
rithm is unnecessary if the part to be studied has been 
painted with a paint type or is made of a material for 
whrch the characteristics of the standard set of colours 
are already known to the system. 
20 The part 1 6 is moved into position and the zoom and 
focus of the video camera are adjusted as required. The 
aperture is advantageously set to f/4. The filter control is 
initialized at btock 36 by having the computer 1 8 send a 
signal to the computer printer 32 causing the carriage to 
25 move to a position at which one of the filters of the colour 
wheel 30 is located between the video camera 12 and 
the part 16. The imaging board registers are also initial- 
ized for the paint type to be calibrated. As described 
above, the video preamp low and high values are set. 
30 In this example, the red filter is used first. The image 
produced by the video camera 12 with the red filter is 
recorded by the computer 18 at block 38. The computer 
printer 32 is then sent a signal from the computer 18 
causing the colour wheel to move the green filter to a 
35 position between the video camera 12 and the part 16. 
The image produced by the video camera 12 with the 
green filter is recorded by the computer 18 at block 40. 
Similarly, an Image is obtained using the blue filter at 
blocks 42. 

40 At block 46. the image obtained with the neutral filter 
is displayed on the computer monitor 24. To point to each 
colour in the standard set to be taught" to the system, 
the left mouse button of the corrputer 18 toggles 
between move arKJ size modes to produce a measure- 
45 ment box that is placed over an area covering a particular 
colour on the colour template 14. The marked area 
defines a particular colour in the standard set of colours 
and thus represents a particular temperature and time 
of exposure to that temperature. 
50 The images for each of the filters are stored in mem- 
ory along with the particular temperature assigned to that 
colour. To further define the temperature classification, 
the average brightness and ratios of red-to-green and 
blue-to-green are calculated and stored with the other 
55 values defining that particular colour/temperature. If 
another area defining a different colour is to be charac- 
terized, then the procedures of blocks 48 and 50 are 
repeated until all of the colours in the standard set are 
characterized. 
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In an alternative embodiment, an Image from the 
video camera is displayed on the computer monitor 24. 
The colour wheel 30 is then moved to obtain readings for 
the marked area using each of the remaining filters. The 
average brightness and ratios of red-to-green and blue- 
to-green are then calculated for the marked area 

Once the calibration image has been obtained, the 
operation has three phases: image acquisition, innage 
processing and image display. 

The image acquisition algorithm for obtaining an 
image of the part 16 is shown in Fig. 6. The part 16 is 
moved into position and the zoom and focus of the video 
camera are adjusted as required. The aperture is advan- 
tageously set to f/4. At block 54, the imaging board reg- 
isters are initialized and the memory is cleared to zero. 
As described above, the video preamp low and high val- 
ues are set at block 56. The image to be obtained is 
named at block 58 by prompting the operator to enter a 
title for the image. The execution of blocks 60 through 72 
is identical to the execution of blocks 36 through 42 in 
Fig. 5. 

The algorithm used to classify the image of the part 
16 is shown in Fig. 7. Each of the red, green, and blue 
images are calibrated at block 84 by multiplying the 
respective values by a gain and adding an offset value. 
The gain and offset values serve to bring all of the values 
to a normalized level. 

To ensure proper results, the gain and offset must 
be recalibrated using a test piece having a black area 
and a white area. To perform the gain and offset cafbra- 
tion. the lens is set to f/4. The two gray level responses 
are then measured. The left mouse button will toggle 
between move and size modes for the measurement 
box. A marking box is placed on the dark side and a read- 
ing of the average brightness of the marked area is taken. 
The same is then completed for the light side. The proc- 
ess of measuring the average brightness of the dark and 
light areas is then repeated tor the green and blue lenses. 
The gain and offset are then compensated to make the 
measured readings correspond to normalized values for 
the black and white areas of the test piece. 

At block 86, the ratios of red-to-green and blue-to- 
green are calculated and multiplied by one-hundred. The 
average brightness is also calculated by adding the 
brightness of each of the red, green, and blue images 
together and dividing by three. 

Each pixel is then classified in block 88 t>y minimiz- 
ing the distance between the calculated values for the 
pixel and the calculated values for each of the colours in 
the standard set corresponding to the particular type of i 
temperature sensitive paint being used. The difference 
between the calculated pixel values and those corre- 
sponding to each of the standard colours are calculated. 
As shown in the equation described in block 88. each of 
the difference values (for example BRT - BRTj) is mufti- i 
plied by a factor selected in response to the particular 
type of temperature sensitive paint. These factors are 
selected empirically through trial and error. The factors 
are made necessary since the colour variations of some 



paints are most easily charact^zed by changes in the 
ratio of red-to-green; whereas others are most dearly 
distinguished by changes in brightness; still others may 
best characterized by changes m the ratio of btue-to- 
5 green; or varying combinations of the above. The dis- 
tance function is then minimized to select one of the 
standard colours as most closely corresponding to the 
calculated values for each pixel. 

In some instances, the image obtained will have 
10 small spots that do not add significant information 
regarding the temperature map of the part of interest If 
the image has small spots, then a smooth operation may 
be selected by the operator to be perfomied before clas- 
sification. Either 3x3. Sy&, or 7X7 smoothing may be 
IS selected. In the case of 3x3 smoothing, the value of the 
center pixel in each 3x3 block of pixels is set equal to the 
average of all nine pixels in the 3x3 area. The procedure 
for 5x5 and 7x7 smoothing is similar but with correspond- 
ingly larger areas being used. 
20 Additional smoothing may also be performed after 
the image has been classified to remove any further 
small areas that do not add signfficant information to the 
temperature profile and contribute to a cluttered image. 
For example, if one or two pixels are surrounded With a 
25 different temperature classification, then these isolated 
pixels will be given the same temperature classification 
as the surrounding pixels. Greater smoothing can be pro- 
vided by increasing tiie size of the Islands" to be elimi- 
nated. 

30 The flow charts for the algorithms used to print and 
display the classification images are shown In Figs. 8 and 
9, respectively. In block 90. a display colour is assigned 
to each of the standard cofoura In one enixxiiment col- 
ours approximating the standaid set of colours are used 

35 in the display. Such colourization is useful if the operator 
or other person performing the analysis is familiar with 
the particular type of paint being used. 

Alternatively, each of the standard colours may be 
assigned one of the colours of the visitile spectrum for 

40 ease of analysis. For example, the standard colour 
greenish grey would be assigned the colour red for dis- 
play to indicate a relatively hot area, whereas the stand- 
ard colour red to dusty grey wouki be assigned the colour 
violet for display to indicate a relatively cool area. Inter- 

15 mediate temperatures associated v^h the standard set 
of colours would be assigned intermediate colours in the 
visible spectrum, such as orange, yellow, green, and 
blue. 

Each of the pixels that had previously been desig- 
u> nated with one of the standard colours is assigned one 
of the display colours at block 92. The image is formatted 
for the graphics printer and the image is printed at blocks 
94 and 96. respectively. 

Tuming now to Fig. 9. blocks 98 and 100 peribrm the 
5 functions described above in connection with btocks 90 
and 92 in Fig. 8. The image isdisplayed on the computer 
monitor 24 at block 102. 

The automated temperature sensitive paint recogni- 
tion system is a custom computer viston system that 
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acquires colour image data from thermal paint experi- 
ments. The invention identifies and produces a map of 
temperatures of a part operating within a machine. The 
resulting image can be displayed or printed. This type of 
temperature profile study is particularly useful when per- 5 
forming blade diagnostic tests on production gas turbine 
engines. The present Invention provides considerably 
more objectivity in interpreting colours as well as signif- 
icantly better colour resolution than a human eye. In addi- 
tion, the resulting data file can also be used t>y other 10 
programs, such as structural analysis programs. 

The system is programmable for different paint types 
and can even be used to analyze the natural colour 
changes of any material submitted to extreme heat. In 
this case, the automatic colour analyzer characterizes rs 
natural colours formed on components by thermal oxi- 
dation when run in hot environments. For this purpose, 
calibration of the standard set of colours to be equal to 
the natural metal colours is required. 

Other aspects, objects, and advantages of this 20 
invention can be obtained from a study of the drawings, 
the disclosure, and the appended claims. 
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1 . A method (1 7) for producing a temperature profile of 
a part (16) operating within a machine, the method 
comprising the steps of: 

operating the machine with the part (16) for 
a predetermined period of time; 30 

placing the part (1 6) in a light controlled envi- 
ronment; 

producing an image of the part (16) with a 
camera (12). the image including a plurality of pixels; 

delivering the image to a processor; 35 

comparing the image produced by the cam- 
era (12) to a standard set of colours; and 

selecting the standard colour most closely 
Gonresponding to the image for each pixel. 

40 

2. A method ( 1 0) according to claim 1 , wherein the part 
is coated with temperature sensitive paint prior to 
operation in the machine, and the standard set of 
colours are standard for the temperature sensitive 
paint 4s 

3. A method (10) according to daim 2, including the 
steps of: 

obtaining a colour tenplate (14) for the type 
of temperature sensitive paint; 50 
placing the colour template (14) in the light 

box; 

producing a calibration image of one or more 
colours from the colour template (1 4) with a camera 
(12); and 55 

delivering the image to the processor, 
wherein said step of selecting the standard colour 
most closely con^esponding to the image for each 



pixel includes the step of comparing the image for 
each pixel with the calibration image. 

A method (10) according to claim 2, including the 
step of displaying the temperature profile of the part 
in colours substantially corresponding to those in the 
standard set of colours. 

A method (10) according to claim 2, induding the 
step of displaying the temperature profile of the part 
in colours substantially corresponding to the colours 
of the visible spectrum. 

6. A method (10) according to claim 1, wherein the 
standard set of colours are for the material of which 
the part is made. 

7. A method (10) according to claim 6, induding the 
step of displaying the tenperature profile of the part 
in colours including one or more of red, orange, yel- 
low, green, blue, and violet 

8. A method (10) according to claim 1 . 2 or 6. wherein 
said step of comparing the image with a standard 
set of colours includes the step of calculating a ratio 
of red-to-green, a ratio of blue-to-green, and a 
brightness level for the image and comparing the 
respective values for the image to the ratio of red-to- 
green, ratio of blue-to-green, and brightness level for 
each of the standard coloiffs. 



9. 



A method (10) according to daim 8 when dependent 
upon claim 2, induding the step of multiplying each 
of the values for the ratio of red-to-green, ratio of 
blue-to-green, and brightness level for the image by 
a corresponding factor selected in response to the 
type of tenperature sensitive paint 



10. Ametiiod(IO) according to daim 8 when dependent 
upon claim 6. induding the step of multiplying each 
of the values for the ratio of red-to-green, ratio of 
blue-to-green, and brightness level for the image by 
a factor corresponding to the material of which the 
part (16) is made. 

11. A method (10) according to claim 9 or daim 10, 
including the step of calibrating the image by multi- 
plying each pixel value by a gain value and adding 
an offset. 

12. A method (10) according to any of the preceding 
dalms. including the steps of: 

displaying tiie temperature profile of the part 

(16): and 

repladng areas of tiie temperature profile 
being less than a predefined size and corresponding 
to a temperature being substantially different from 
that of the surrounding area. 
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13. An apparatus (10) for producing a t&iperature pro- 
file of a part operating within a mac^me. comprising: 

a camera (12) for producing an image of the 
part (16); 

a light box (28) containing the part (16) and 5 
said camera (12); and 

a processor means for receiving said image 
of the part (16) from said camera (12). said proces- 
sor means including memory means lor storing data 
characterizing a standard set of ccioi^s, means for 10 
comparing the Image with said standard set of col- 
ours; and means for selecting the standard colour 
most closely con-esponding to the image for each 
pixel. 

IS 

14. An apparatus (10) according to claim 13. including 
means for correlating the standard colour to a tem- 
perature. 

15. An apparatus (10) according to claim 13. including so 
means for displaying the temperature profile of the 
part in colours including one or more of red, orange, 
yellow, green, blue, and violet. 

16. An apparatus (10) according to claim 13. including 25 
means for displaying the temperature profile of the 
part; and means for replacing areas of the temper- 
ature profile being less than a pred^ined size and 
corresponding to a temperature being substantially 
different from that of the surrounding area. 30 

17- An apparatus (10) according to claim 13. including 
means for calculating a ratio of red-to-green, a ratio 
of blue-to-green, and a brightness level for the image 
and comparing the respective values for the image 35 
to the ratio of red-to-green, ratio of blue-to-green, 
and brightness level for each of the standard col- 
ours. 
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